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HEAT-RESISTANT CEROMIUM STEELS FOR SERVICE AT 550-600 DEGREES

Metallovedeniye 1 Obrabotke Metal- Candidate of Technical Sciences
lov, Moscow, No 6, dJun 1956, pp

L. Ya. Liberman and Engineer A. V.
16-25 Boyeva, Central Sclentific-Research
Boller and Turbine Institute imeni
I. I. Polzunov

{Numbers 1n parentheses refer to appended references. Tables and figures re-
ferred to are also appended, ]

Pearlitic and austenitic cless steels are used
ture, for the most vitel parts of steam turbines:
The former are used for service at 550-5609; the
1s limited by their inadequate heat resista

» depending on the tempera-
rotors, bolts, and blades.
ir use above these temperatures
nce and heat stability.

Austenitic steels are used primarily for service at temperatures over 600°.
These steels may also be used at 550-600" although their use at these tempera-
tures would not be economically expedient. The necessity has therefore emerged

for comparatively inexpensive steels which would satisfy requirements for heat
resistance and heat stability et 550-600°.

England and the US are conducting research on ferritic-martensitic steels
alloyed with 12% chromium with admixtures of hardening elements » primarily car-
bide-forming elements, vwhich would limit the range of the ¥ -state: Mo, V, W,
Nb, Ti, ete. (1-3). Publisheq data indicate that such steels have a continu-
ous strength of 17-24 kg/mn2 and 7-10.5 kg/mn2 at 540 and 595°, respectively.

It is noted that some steels may be used for service at temperatures up to 600°
in turbine disks ; blades, and even rotors.

In conjunction with this, the authors conducted an investigation inct. the
structural properties and heat-resistance characteristics of stalnless steels
with 12% chremfum and various admixed elements,

The chemical composition of some of the investi
Table 1. All the steels were smelted in a ko-kg ni
steels 15Kh12MFB and 15Kh12V1FBT, which were
were forged from the ingots; the rods were 40
ratlo of cross-sectional area to t
and 30-35 in the bigger rods.

gated steels is shown in
gh-frequency furnace (except
smelted in a 150-kg furnace). Rods
x 40 mm in cross section with 4
he original ingot of 7 in the smaller rods

Figure 1 shows the relationship between the hardness of the sieels and the
oil hardening temperature, From Figure la it follows that in the first five
steels (see Table 1), maximum hardness is attained in hardening from 1,000°;
when the carbon content is 0.28%, the hardness is 450-500 Hp and is 360-420
et 0.11-0.18% C. When the carbon content is at the lower level, additional al-
loying with niobium decreases hardness while the admixture of nitrogen and boron
(15Kh12MFBT) increases it somevhat, Some steels attain thelr greatest hardness

when hardened from 950-1,000°, and others when hardened from 1,000-1 ,050° (Fig-
ure 1b).

Characteristic of the steels investigated is that the hardness of some of
the steels is noticeably decressed when they are hardened from temperatures in

excess of 1,000-1,050° (for example, steels 15Khl1oMF, 15Kn12MFB, 15Khl12VMFT,
ete.).
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An investigation of the microstructure of the steels after various heat-
treatments (hardenins from various temperatures and tempering) showed the fol~
lowing.

Steels 25Kh12VF and 25Kh12MF had an identical structure of uniformly dis-
tributed sorbitic pearlite (see Figure 2a). An increase in the herdening tem-
pPerature leads to the formation of some structurally free ferrite (see Figure
2b). When the carbon content is decrezsed to 0.18%, free areas of ferrite are
formed (see Figure 2¢c).

Such steels as L5Khl2VMFT, 15Kh12MFB, 15Kh12VMFBT, and 15Kh12VIFET have a
considerable quantity of ferrite constituent (30-50%). When the hardening
temperature is increased above the maximum steel hardening temperature, the
quantity and the isolation of the ferrite constituent is increased (see Figure
24 and e). The 15Kh12VMF steel has & limited quantity of ferrite constituent
(10-20%), which hardly undergoes any change even at high hardening temperatures
(see Figure 2f and g). Steels 15Kh12VIMFBT and 15Kh12MFBT have no free ferrite,
which is related to the offect of the nitrogen introduced through the nitrided
ferrochromium (see Fisuce 2h).

An investigation of fractures of impact specimens, tested after various
heat-treatments, showed that, as the hardening temperature and the guantity of
the ferrite constituent are increased, the fracture changes from fine crystal-
line or fibrous to a coarsely crystalline; the impact strength, moreover, de-
creases.

All the steels tested were heat-treated so that approximately equal mechan-
ical properties would be obtained. The heat-treatment (primarily the hardening
temperature) was selected on the basis of a complex of characteristics obtained
after experimental treatments (microstructure , mechanical properties, type of
fracture, etec.).

Some steels (15Kh12MFB. 15Kh12MFBT, and 15Kh12VMFBT) were oil hardened at
900-920°. Other steels (lSKhlZVlMFBT, 15Kn1aMF, 15Khl12VMF, 2SKhl2VF, and
25Kh12MF) were oil hardened at 950-1,000-1,020°, Before hardening at l,020°,
steel 15Kh12VMFT was normalized at 1,120°. Tempering was at 650-730° for 1-8
hours, depending on the characteristics of each steel.

The mechanical properties of the tested steels at 20-600° are listed in
Table 2, where they are divided into three groups. The first group includes
steels with an increased carbon content which have almost identical mechanical
properties. Steels with an increased carbon content, however, have low impact
strength at 20°, which strength 1s considerably increased at higher tempera-
tures.

The second group includes steels containing less than 0.20% C; they are
similar to the first-group steels in their mechanical properties but have g
considerably greater impact resistance. Steel 15Kh12MFBT with nitrogen and
boron is characterized by lower relative elongation and impact strength than
the other steels in this group.

The steels in the third group, by comparison wlth the other groups, have
generally inferior mechanicel propertles but a satisfactory impact strength.
They, particularly steel 15Kh12VMFT, are characterized by a sharp impairment
of mechanical properties when the temperature is increased.

The level of the mechanlical properties of the steels tested Is determined
by the heat-treatment and 1s related to the structural state cited above. In-
sofar as mechanical properties are concerned, therefore, it is not possible to
cite any one of the tested steels es being most advantageous.
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Figure 3 illustrates the changes in the mechanical properties of the steels
tested when soaked for 3,000 and 5,00 hours at 550 and 600°. In some steels,
for example, 15Kh12viFBT end 15Khl2VIMFBT, after 3,000 hours at 550°, the mechan-
ical Property characteristics remain unchanged, while in other steels {L5Kh12MFB
and 15Kn12MFBT) there is a tendency toward softening as impact strength is in.
creased. There was no effect on the mechanical properties of steels 25Knhi2VF,
25Kn12MP, end L5Kh12VMFT when they vere soaked for 5,000 hours at 550°. Steels
15Khi2MF and 15Kn12VMF hed a tendency toward partial softening,

An analysis of the structural state and mechanical properties of the ex-
perimental steels, after lengthy soaking, showed some regularity in degree of
stability 1n relation to their Linitial state., After soaking for 3,000-5,000
hours at 5509, thoge steels were stable which had & yield point of 55-65 kg/mm2
with the almost complete absence of free ferrite in the siructure. Tendency

kg/ma? Lengthy soaking for these steels apparently serves as a slow, lengthy
tempering which imparts a structural state of greater equilibrium to the steel,

A decrease in impact strength is also noted in steels having some ferrite
constituent, which apparently results from dispersion hardening in the of phase.
Steels containing a considerable amount of ferrite constituent, even with a low
Initial yield point (less than 60 kg/mn2), had & tendency toward stability loss.

It should be noted that soaking for 3,000-5,000 hours at 600°, regardless
of the initial level of the properties or the structural state, has a softening
effect on all the steels which, however, is decreased after 3,000 hours. The
decrease in impact strength after soaking at 6009 is also related to the dis-
Persion hardening of the ferrite constituent. The character of the structural
changes caused by lengthy sosking at 550-600° is shown in Flgure 4. 1In steels
which do not have any free rerrite in their structure (see Figure ha}. carbide
formations emerge along the granular boundaries; the carbides are also separated
in the form of & solid cord along the boundaries of the ferritic areas (see Fig-
ure bb ang ¢). The carbide inclusions then become spheroidal. Steels having
a homogenous sorbitic-type structure undervent no change during this period.

It may be assumed that the given character of carbide phase formation and its
distribution along the granular boundaries fs related to tLhe decrease of impact
strength during lengthy soaking.

The steels investigated were tested for creep. The treep curves at 550-
600° at a stress of 10 kg/mn® are preseated in Flgures 5 and 6 for some of
the steels, while the comparative results are listed in Table 3.

The data cited indicate that at 550-600° the LSKh12VMP steel has the high-
est creep resistance. By eliminating tungsten (15}G13.2MF) or by supplementary
alloying this steel with ferrite-forming elemeats Nb and Ti (L5Kn12MFBT and
others), the creep resistance would be decreased.

It should be noted that, at 600°, steel with an increassd curbon content
(25Kh1oMF) hes a greater resistance to creep than the same steel but with a
decreased carbon content (1510112}4}“). The 15Kh12VIMFBRT steel, which containg
both nitrogen and boron, is inferior in creep resistance at 600° to the
15Kh12VMF steel.

In continuous strength-to-destruction three steels are notevorthy: 1SKhl=ViF,
15Kn12vIMFBY, and 15Kn12MF (see Figure 7). Steel with an increased carbon con-
tent (25Kh12MF) is inferior in continuous strength to the same steel (15kn12mr)
having a lower carbon content., The presence of Nb and Ti as well as W, Mo, and
V in the steel, considerably decreases, as a result of ferritization, the time
to destruction. However, in the yresence of nitrogen and boron in such. com-
Pplexly alloyed steels (lSKhlEVlFBT), the time to destruction is considerably
increased. These steels behave the same way at 6000,

-3 -

Sanitized Copy Approved for Release 2011/07/15 : CIA-RDP80-00809A000700260129-9




Figure 8 shows the continuous strength-to-destruction curves at 550° for
various stresses in the three steels cited. They are characterized by highly
developed first and third periods of creep and high plasticity at destruction.
All the specimens tested had an exclusively intracrystalline destruction. It
should be noted that the 1SKh12VMF steel, tested for over 8,000 hours at 550%
and 6=25 kg/mme, was in a state gf steady-state creep for 7,000 hours, wkich
creep was at a rate of 2.5 X 10-* 4/hour. The total deformation after 8,000
hours was 2.4%,

On the basls of the continuous strength-to-destruction date obtained from
the three steels, a relationship may be established between stress and time to
destruction, vwhich may be used in establishing continuous strength limits (see
Figure 9 and Table 4).

A comparison with steel 1Khi1BNOT shows that the continuous strength limits
at 550-600% of the investigated chromium heat-resistant steels and austenite
steel 1Kn18NGT are about equal.

Conclusions

1. As a result of investigations conducted op steels alloyed with 12%
chromium and various additional combinations of carbide-forming elements, as
well as nitrogen &nd boron, it should be regarded as being established that
the best heat-resistant characteristics are possessed by steels ccntalning no
structurally free ferrite or conteining it in iimited quentities, f.e., within
the limits of 10-20%. The presence of over 30% ferrite sharply softens the
steel and results in the loss of property stability.

2. From the experimental material presented it follows that, when equally
alloyed, steel with a 0.15-0.18% carbon content possesses greater heat resist-
ance then steel with 0.28% C. Alloying steel simultaneousiy with tungsten acd
molybdenum (LSKh12VMF) assures higher heat resistance than when alloying only
with tungsten or only with molybdenum (l‘j!ﬂ'xlEMF). Adding niobium or titanium
to steel containing tungsten, molybdenum, and vanadium serves to ferritize the
steel and to impair its heat resistance. Adding nitrogen helps to eliminate
free ferrite in the steel and to increase its heat resistarce.

3. Steels conditionally labeled as 15Kh12VYMF, 15Kh12VIMFBT, and 15KhloMF
are recommended as being the most heat-resistant. These steels are recommended

for long-term service at 550-500° in steam and gas turbine blades, disks, and
other forgings.
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Table 3.
Comparative Results of Creep Tests of Experimental Steels

Characteristics of Steady

State Creep Area
Length of Length Ratehof Creep Total
Steel Grade Test ghoursz (hours) 10-% %/hour Deformation (%)

550% 10 kg/m?
15KH12Mp 1,300 800 2.2 0.54
LSKH2vmp 2,050 1,550 2.6% 0.20
L5KE1 2vpFpT 1,900 700 1.7 0.60
600°, 10 kg/mm2
25K 2yF 2,000 1,k00 3.6
25KHIoMP 1,830 1,430 L,5
15Km oMp 2,090 1,400 6.6
L5KH12MFB 1,500 800 7.3
L5KH 2vMp 1,970 1,320 1.0
15K 2vFT 120 -- --
15K 2vaMFpp 1,830 1,030 2.7

*Rate of creep 15 10-5 %/hour

Table L. Limitg op Continuous Strength of Experimental Steels

) Linits of Continuous Strength in kgémmg at
5500 o
1,000 10,500 100,000 1,000 15,000 100,000

Steel Grade Hours Hours Hours Hours Hours Hours

15KHI2MF 27 22.5 19 -- -- --
15KHL2VMP

15KH12VIMFD

LKEL.8N9T 24 20

25 22 . 16 14

p pp - 2 2 =
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1,000°, temper : o;

25Kh12MF, hardened at 1 ,050°: temgerzg :: .’;gg°:

i.SK;Jl;MF, hardened at 1,050°, tempered at 700°: ’
1;](01 lam, hardened at 1,000°, tempered st 7060;

e » hardened at 1,250°, tempered at 700°;

JxnZvE, hardened at 1,050°, tempered at 700°;

2 VMF, normalized at 1,050°, hardened at 1,0500

empered at 700°; 050

15Kh12MFBT, hardened at 950°, tempered at 690°.
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a) 25KhlavF; (b) 25Kh12MF; (c) 15Kh1z
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Microstructure of some
steels after lengthy
soaking: )
(a) lsknieviarsr, 5500, A
3,000 hours; .
(v) 15kmizvmrr, 6000,
5,000 hours; :
(c) 15Khl2vMp, 600°,
5,000 hours.
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Comparison of time
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Figure 9. Continuous stren
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